Background -Transfer factor of the lung for carbon monoxide (TLCO) was measured by a new method based on analysis ofthe ratio ofthe concentrations ofcarbon monoxide to an inert gas (methane) TLCO (TLCo,bh) is based on the Bohr equation which states that for any TLCO, at constant lung volume, gas absorption is proportional to time of breath holding (see below). The breath holding method is particularly prone to problems because, during both inspiratory and expiratory flow, gas absorption follows patterns which are different from breath holding"4; an "equivalent" breath holding time during these phases of respiration is estimated to account for the differing gas absorption patterns.2
Transfer factor ofthe lung for carbon monoxide (TLco) is usually measured by a "standard" 10 second breath holding technique originally developed by Ogilvie and colleagues' and modified by Jones and Meade.2 Calculation of breath holding TLCO (TLCo,bh) is based on the Bohr equation which states that for any TLCO, at constant lung volume, gas absorption is proportional to time of breath holding (see below). The breath holding method is particularly prone to problems because, during both inspiratory and expiratory flow, gas absorption follows patterns which are different from breath holding"4; an "equivalent" breath holding time during these phases of respiration is estimated to account for the differing gas absorption patterns. 2 With the introduction of rapid gas analysers an alternative approach to TLco,bh has become available. Gas diffusion during constant exhalation has been analysed theoretically.34 Such an approach does not depend upon length of time or other conditions during either inspiration or breath holding. Although mathematical analysis of gas absorption during constant exhalation suggests that the absorption of carbon monoxide is proportional to the relative rate of change of lung volume,34 several studies have calculated TLCo by using breath holding equations over discrete decrements of lung volume -for example, 2% or 10% vital capacity -with or without smoothing of data.5 '9 We describe here a method which uses constant exhalation following minimal breath holding developed from a theoretical analysis of gas diffusion and absorption during constant exhalation.34 Comparison TLCO data for 100 patients between this new exhalation technique (TLco,ex) and TLco,bh are also presented.
Methods

THEORY
The breath holding method is based on an idealised breathing manoeuvre during which inspiratory and expiratory phases are accounted for as "equivalent" breath holding time. To approximate this ideal manoeuvre, long breath holding and relatively short inspiration and expiration times are desirable. ' Jones and Meade analysed gas absorption during inhalation and exhalation as well as during breath holding. 23 fig  3) ; these displays aided in selection of those Average TLCO (mmol/min/kPa) Figure As a test of reproducibility TLco,bh and TLco,ex were tested 3 times in 6 normal subjects. The results were similar for both techniques (coefficient of variation 6-3 (1 6)% for TLco,bh and 6-9 (2-1)% for TLco,ex nique with a mean difference of 0-27 (0-50) 1. Because of this difference TLco,ex/VA was slightly larger than TLCO,bhNVA (mean difference 0-18 (0-52) mmol/min/kPa/l. Alveolar volume was smaller than TLC with both techniques (mean difference 0-89 (0-97)1 with the breath holding method and 1e 18 (1e13) 1 with the exhalation method). As expected, the difference between TLC and VA was greater in obstructed patients (mean difference 1 24
(0-99) in patients with FEV,/FVC <77 5% v 0 57 (0 83) in patients with FEV,/FVC >77.5%); this disparity was highly significant.
Discussion
In this study we have compared breath holding and exhalation methods of TLCO measurement across a large patient sample. Although -the patients in this study varied greatly in age, weight, height, and pulmonary disease (table), TLCo determinations obtained by both methods were consistently close (fig 4) . Since the breath holding technique has potential theoretical problems not shared with the constant exhalation technique, it was reassuring to see that the two techniques produced results which are virtually identical. This close similarity of results between the methods supports the conclusion that the Jones and Meade2 modification of the breath holding TLCO technique is remarkably accurate.
The long breath holding time required for the standard method can be difficult for some patients to obtain. Dyspnoeic or exercising patients, and even normal subjects who are near or at maximal exercise capacity, may not be able to hold their breath for 10 seconds. '9 Expiratory time was longer during the constant exhalation than the breath holding method in many patients. Although it is easier for dyspnoeic individuals to prolong exhalation than to hold their breath,202' exhalation time can be shortened to only a few seconds ifnecessary (see below). We have found that normal subjects can successfully perform the exhalation method even at maximal exercise.
The exhalation method requires a period of constant flow during exhalation; in practice, one second of exhalation data is sufficient since this interval will provide 31 data points, an amount adequate for calculation of the relation ln FA/FAO v ln VA/VA0 (equation 2, fig 3) . In the 100 patients studied expiratory time varied between 1-4 and 14-0 seconds. As expected, there was a strong positive correlation between forced vital capacity and expiratory time but the size of the fixed expiratory resistance also played an important part. Individual patients with severe obstruction experienced difficulty in reproducing flow patterns or following instructions and often generated only short segments in which expiratory flow was constant. Nevertheless, even in these patients TLco,ex values were very comparable to TLco,bh.
Back pressure from the expiratory orifice might reduce TLco,ex by compression of pulmonary capillaries. 22 PAO, values during prolonged exhalation TLco,ex should slowly rise, but we found that the mean difference between TLCO techniques was virtually unaffected by differing breath holding and expiratory times; the mean difference between techniques was 0 037 mmol/min/kPa per second of expiratory time (r=0-38). Further, assuming that the midpoint of exhalation represents the average PAO2 for the exhalation method and a value one second after dead space washout represents the average PAO2 for the breath holding method, mean PAO2 during the breath holding method would be only 0 44 (039) kPa lower than the exhalation method and consequently TLco,bh would be expected to be only 1-13 (1 00)% higher than TLCo,ex -amounts which are statistically and clinically trivial and insignificant.
In summary, we have shown that a method based upon the theoretical relation of gas absorption to lung volume during constant exhalation compares favourably with the standard breath holding methods in 100 patients who ranged from near normal to severe lung disease. All patients were able adequately to complete the test with this new technique. Potential uses of this new method include the evaluation of dyspnoeic patients and the measurement of TLCO during exercise. Equations for methane are identical except that they simplify by setting TLCO as equal to zero.
